The bound state solutions of the Schrödinger equation with generalized inverted hyperbolic potential using the Nikiforov-Uvarov method are reported. We obtain the energy spectrum and the wave functions with this potential for arbitrary -state. It is shown that the results of this potential reduced to the standard potentials-Rosen-Morse, PoschlTeller and Scarf potential as special cases. We also discussed the energy equation and the wave function for these special cases. l 
Introduction
The analytical and numerical solutions of the wave equations for both relativistic and non-relativistic cases have taken a great deal of interest recently. In many cases different attempts have been developed to solve the energy eigenvalues from the wave equations exactly or numerically for non-zero angular momentum quantum number
for a given potential [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . It is well known that these solutions play an essential role in the relativistic and non-relativistic quantum mechanics for some physical potentials of interest, [1, 2, 12, [17] [18] [19] .
In this paper, we aim to solve the radial Schrödinger equation for quantum mechanical system with inverted generalized hyperbolic potential and show the results for this potential using Nikiforov-Uvarov method (NU), [20] .
The present paper is an attempt to carry out the analytical solutions of the Schrodinger equation with the generalized inverted hyperbolic potential using the NU method.
The hyperbolic potentials under investigations are commonly used to model inter-atomic and intermolecular forces [10, 21] . Among such potentials are Poschl-Teller, Rosen-Morse and Scarf potential, which have been studied extensively in the literatures, [5] [6] [7] [8] [22] [23] [24] [25] . However, some of these hyperbolic potentials are exactly solvable or quasi-exactly solvable and their bound state solutions have been reported, [3, 4, 11, 13, [26] [27] [28] . We seek to present and study a generalized hyperbolic potential which other potentials can be deduced as special cases within the framework of Schrödinger equation with mass m and potential V.
The paper is organized as follows: Section 2 is devoted to the review of the Nikiforov-Uvarov method. In Section 3 we present the exact solution of the Schrodinger equation. Discussion and results are presented in Section 4. Finally we give a brief conclusion in Section 5.
Review of Nikiforov-Uvarov Method
The Nikiforov-Uvarov (NU) method, [20] was proposed and applied to reduce the second order differential equation to the hypergeometric-type equation by an appropriate co-ordinate transformation S = S(r) as, [15, 20] .
where s  and s  are polynomials at most in the second order, and  is a first order polynomial. In order to find a particular solution of Equation (1) we use the separation of variables with the transformation
It reduces Equation (1) to an equation as hypergeometric type
  s and  is defined as a logarithmic derivative in the following form and its solution can be obtained from 
Bound State Solutions of the Schrödinger Equation
The Schrödinger equation with mass m and potential V(r) takes the following form, [15] 
where the generalized hyperbolic potential V(r) under investigation is defined as 
Here V 0 , V 1 and V 2 are the depth of the potential and a, b, c and d are real numbers. The generalized hyperbolic potential V(r) of Equation (12) has the following special cases:
The potentials (13)- (15) are the Rosen-Morse potential, Poschl-Teller potential and Scarf potential respectively.
We now perform the transformation [6, 7, 15]  R r r r     (16) on Equation (1) and obtain
where the prime indicates differentiation both respect to r. Now using a new ansaltz for the wave function in the
and including the centrifugal term, reduces Equation (17) into the following differential equat (18) ion,
Because of the centrifugal term in Equation (19) , this ytically when the angular . Therefore, in order centrifugal term. Thus, when 1 r   we us proximation scheme [9, 29] for the centrifugal te equation cannot be solved anal omentum quantum number 0   to m find the approximate analytical solution of Equation (19) with 0   , we must make an approximation for the e the aprm,
Substituting Equation (20) into Equation (19), we 
Simplifying Equation (23), we have
here the following dimensionless para
Comparing Equations (1) and (24), we obtain the following polynomials,
Substituting these polynomials into Equation (8), we obtain the π( ) s s
The exp on in the square r   (27) ressi oot of Equation (27) must be square of polynomial in respect of the NU method. Therefore, we determine the  
For the polynomial of
  which has a negaget tive derivative, we
Another definition of n  is as given in Equation (10),
Comparing Equations (32) and (33), we obtain the envalue equation as ergy eigen 
Now using these quantities of Equation (20) and the definition for   and V given as
for the Schrödinger equa
We obtain the energy spectrum of the Equation (35) tion with the generalized inverted hyperbolic potential as 
We now find the corresponding eigenfunctions. The polynomial solutions of the hyperbolic function 
and subst Equation (39) in to the Rodriques relation of Equati ), we have
The polynomial solution of   n s  can be expressed in terms of Jacobi polynomials which is one of the orthogonal polynomials, which is   
.
Combining the Jacobi polynomials of Equations (40) and (41), we obtain the redial wave function of the Schrödinger equation with inverted generalized hyperbolic potential as
The total radial wave function is obta tions (18) and (22) 
Conclusion -
The bound state solutions of the Schrödinger equation with a generalized inverted hyperbolic potential have been investigated within the framework of the NU method. Three well-known potential have been deduced from this potential. We discussed the energy spectrum and the wave function of the SE with this potential for an arbitrary l -state. We also discussed the special cases of the generalized inverted hyperbolic potential: Rosen Morse, Poschl-Teller and Scarf potentials. Finally, we plotted the effective potential as a function of r for different l = 1, 2, 3 and 4 as shown in Figure 5 .
